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Abstract

/| 38F/

A review of the first-order ray theory of wave propagation
through the icnosphere is presented as an introduction to the second-order
ray theory. Both theories embody equations useful to the study of the total
integrated electron content, NT’ of the ionosphere. Using simultaneous
polarization rotaticn and dispersive doppler records of the Transit 4A
beacon satellite recorded at Huarcayo, Peru, the relative accuracy
of the two theories is investigated. Results indicate that the second-order
theory provides a more accurate means with which to compute NT’ and

that mean icncospheric height variation with direction is a further factor

which must be considered in more accurate data reduction prom



Chzpter I

First-Order Ray Theory

1.1 Introduction

Since the orbiting of the first artificial earth satellite in
October of 1957, many ioncspheric investigators have utilized the
high frequency radio transmissions from artificial earth satellites
to study the total integrated electron content of the ionosphere along
the sigral paths. The refractive and birefringent properties of the
ccrducting medium result in polarization rotaticn and phkase shift effects
on the sateilite radio signal. These effects are cumulative aleng the
¢igral path ard the net result can be measured with the appropriate
receiving and reccording instrumentaticn. In the first-order ray theory,
the rctal polarizaiion rolation and the phase path dispersion are propor-
ficnal to the total integrated electron content along the signal path.

A second-crder ray theory has been developed through
meodification of the tirst-order equations to include the effects of ray
refracticr ard mode splitting.

The purpcse of this study is to compare the relative accuracy of
*he first and seccnd-order ray theories with actual data received from
*he Transit 4A beacor satellite, and to discuss the application of the
seccnd-order theory ir data reducticn.

The simultaneous polarization rotation and dispersive doppler data
was received at Huancayo, Peru (12.05S, .75.35W) during six passes of the
Transit 4A keacon satellite from January 1962 to March 1962. The
satellite radiated an elliptically pclarized signal from a magnetically
oriented antenna; this resulted in essentially linear polarization for an

cbserver near the magnetic equator.



The orbital character:

P

tlcse ware as fellows
Period 162 84 minutes
Inclination 6t & degrees
Ferigee 887 kilcmeters
Apogee 1007 kilocmeters
A description of the receiving and recording cgquipmen: useda

tc cellect the jonospheric effec<s can be found ir references 1 and 2

1.2 Appietor-Hartree Equaticn ard Wave Polarization

The birefringent and dispersive properties of the ionosphere for

electromagnetic wave propzgaticn affect the rzdio wave propagation

velocity as shown by the Appietun-Hartree wave reiractive index,

- ‘. .
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Prcgressive plane electromagretic waves exist in the 1onosphere for

certain values of the wave polarizaticn R

(1-2)

The quantities appearing in (1-1) arnd (1-2) are defined as
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lBl = mugnitude of the geomagnetic field induction
w = angle be‘'ween the wave normal and B
» = angular wave freguency

Dy E arnguiar plasma frequency
N g

BNy Dy E argular transverse and longitudinal gyrofrequency

N = numker density of electrons

v = coilision frequency of electrons with heavy particles

e _ = permittivity of free space
(97
All gquantities are expressed in the raticnalized MKS units.

The dirsctions x, y, z form a orthegornal right-handed coordinate

system with wave propagation in the ¢ direction, and B lies in the vy -z plane.

1.3 High Frequency Quasi-Longitudinal Propagation

For a frequency of 54 mc/s, for the angle § less than 88.5 degrees,

and "JN/@) sufficiently smalil, the equations {1-1) and {1-2) reduce to
) % )

1
r < 2
T = | e (1=3)
L ] s -
1+ £
R==%1

The quantity Zis negligible along the propagation path for beacon

gatellite signal frequencies.

@
@

1.4 Firgt-Order Folarigation Retation

Aszsuming the quasi-longitudinal propagation conditions exist, a



linearly polarized radic wave will preopagate with equal amplitudes in
two modes with the wave polarization givern by equation {1-4). The two
circular modes propagate with differert velccities, so the resultant
linear polarization rotates 7w radians for each wavelength of phase path
difference. This effect is expressed mathematically as

Q= - (‘n as, - ¢ n 48 1 radians {1-5)
A J“'r + + ‘) = B

where Q is the total polarizaticr rotation, N 1is the prcpagating wavelength,

[]
and the integrals represent the prase path lengths of the two circular
modes. KEquation (1-5) takes on the following form when the first-order .
theory is assumed, which considers both modes te follow the same straight-
line ray path, .
m e Ve . - - -
Q= -I\—S\(n+-— n }ds = K BL sec x N radians (1-6)
{’\
\ BL(sec ¥ ) Ndh
where K;=e'/8r°m’ ¢ c B decx = ~
- N
T
and = T 2
n NT S\ N dk
The weighted mean quantities are svaluated at the mean icnospheric height
or "ioncspheric point'', This height cf this "icnospheric point'' is usually
assumed tc be independent of satellite position for orbits of low
eccentricity which lie well above the level of maximum density.
1.5 First-Order Phase Path Reduction i

The moticn of an orbiting beaccn satellite creates an apparent
frequency shift of the radic signal measured by an observer, this

doppler frequency shift is a result of the phase path length changing with




sateilite pogition. The refractivity of the ionosphere contributes to

this effect, giving a change in the phase path length which is proportional
to the electron centent aiong the mode path. The time rate of change of
this part of the total phase shift results in the dispersive doppler
frequency skift. If the beacon satellite radiates harmonically related

gignals, the relative magnitude of the dispersive phase path shift can

o
W]
3
[
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W
o

red with proper mixing of the received signals and the N,

he zignal path can be determined experimentally.
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The number of cycles of phase path length change measured

with respsct to the wavelength of the higher frequency is written as

s

& = J‘“ln(m'\dS-- Lon{i) d S Lc cles, 1-7
5 {) . J (f) I y (1-7)

ol i¢ the higher frequency,and N is the wavelength of the lower frequency

zignal. Rewriting 2quation {1-7) in terms of the first-order theory,

we have
1l | —
® =K; | « 'T) secy NT cycles (1-8)
"
where K; = 22 /8x? e cmi; secyx = ‘jN S;,C X dh, and y is the
- T

zenith angle cf the straight line path.

1.6 Hybrid Doppler-Faraday Equations

The actual utilization of eguations {1-6) and {(1-8) to compute

N,

requires knowledge of ® and 2 as a function of satellite position.
Let us write equaticns (1-6) and (1-8) as

+ 2 (1-9)

Q = Qlt) = 9



“and & =8 (ti):@io-l- @O, (1-10)
ti is any time, and the subscript io refers to the change in the pertinent
quantity between times t and - The quantity @ (to) =@ o is én unknown
as is Q(to-) = QO, except in the instance when the observer sees a quasi-
transverse propagation region in the ionosphere where Q (to) can be
determined unambiguously. Equations have been developed by O. K.
Garriott and F. deMendenca to compute @O and QO experimentally if
simultaneous polarization rotaticn and dispersive doppler recordings are

available.B) Their results are

:{(BLl) (BLz) Ks [@m ) %o] N (gil) QZO i (ELZ) Q 10 \}"(1—11)
) B

(ELZ) - (_B-.

L,

9 (1-12)

nd ® _{ (Qio - Q20)/Ks + (ETLZ) &0 - (ELn)q)“ﬂ
(BLR) = (B’

L,

oy
(98]
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Chapter II
Second-Order Ray Theory

2.1 Second-Oxrder Assumptions

The basis cf the second-order ray theory lies in the following

list of assumptions concerning the wave refractive index, the medium

O]

and the "icnospheric point';
(1} Terms cf degree three in (X, Y) are included in the
refractive index expansion,
{2} Non~uniform ionization distribution is considered,
{(3) Mcode path separation is included,

(4) ”Eono'spheric point” neight depends on the satellite zenith

The first three assumptions were included in an extension to

(4)

the first-order equations by W. J. Ross.

2.2 Second-Order Polarization Rotaticn

Ar equivalent first-order polarization rotation angle w(ti) which
is corrected for the second-order effects is related to the total

pclarization Q(ti) observed at the receiver as

Q(ti)
w (L) = — — radians. (2-1)
Y2 2
B is a distribution parameter representing the non-uniformity of
32
icnization aleng the first-order ray path, and is deiined by B =X /X ¢

An approximate value for § can be computed using a plane Chapman
model of the iocnosphere; results of such computations are shown in
Table I. 1In Table I, ho is the height of the maximum ionization density

while Hy and H; are the scale heights below and above hO respectively.
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.25
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DISTRIBUTION FUNCTION - B

ho(km)
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TABLE 1

H; {km)
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50
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40
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50
40
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H, (km)
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100
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ve to charnges in H- sirce most of the icnization

iies above r 2 ressonnble charges i Hy and hp effect relafively

Yehinges in B
Tro gewmetrical parzmeter (G is a function of the angle 6

bedweer *hie fir=t- raer ray pith arnd the local vertical o the plane

ofurfosm Londzation at the "icrncspheric point'’, arnd the argle n

irs*ecrder ray path and the magnetic field ccmponent

v the poars of incidence at the Viorcspheric peint . The parameter

Ceootar € | tun @ - tan 1 ;) compensates for waverormil refraction

crd ray=nave norms’

effects, A map showing the value
cf Ciorar beerver at{12.05S, 75.35 W) a¢ 3 furction of sareliite

lergitune and atitude, i= shown in Figure 1.

2e3 80 r3-Order Phuse Path Dic

ETrSion

The ¢ tsl number of cyceles phase path lergth chirge, for a
cavic =igna: {rom the sa*elitte to the vbzerver, referred to the

higher rreguancy can te exyrezsed in the secord order thecry as

where & 74 is the quantity mas.ured at the receiver, and ¢ (ti} is the
cquivalent firzi-crder value corrected for the second-order effects,
I* h.s been shown *hrouvgh 2 moedel stuay that uze of the mcde

tive zigrn for ¥ will reduce the etfect of
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corresponding t the pos
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e fr datz reducticn, cne must remember that the equations are

arbe U

rrue criv ior high frequency, guasi-lergitudinal propagziion conditions.
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FOR HUANCAYO ,PERU X
SATELLITE HEIGHT 1000 KM ,IONOSPHERE HEIGHT 400 KM

FIGURE .




2.4 Secornd-Order Hybrid Equzticn

The second-order quantities W, ard ¢ o’ completely anologous

to those of the first-crder thecry, can be determired as follows

{(ELI) (ELZ) K [¢1 - ¢20 ] +BL1) Wzo - (ELZ) wm‘%
J

@, = — radians,
(B, =-B_)
L Ly (2-3)
({01 - w2 }/Ks + By} éz0 - (B, by
and 4)0 = = : cycles. (2-4)
(BLl - BLZ )
We can alsc write
@o(tl) = W + n, (2=5)
) ) = + . {2-¢6
and pley=d, + 6 (2-6)

2.5 Height Variaticr of the "Ionospheric Point'' with Satellite Zenith Angle

The seccrd-crder theory also considers the effect of the
"icnospheric peoint' height or the relative satellite and cbserver positions.

A model was constructed to study the variaticn of the2 "icnospheric
point' height with satellite zenith angle. The mcdel consisted of a

spherical earth containing a centered dipcle magnstic fieid with ¢t

¥
t

magnetic pcle at (78.6 N, 75.35 W). The satellite was asrumed to pass
over cbservers at (40.79N, 77.86 W) and (12.65 S, 75.35 W) in a magnetic
meridian piane. Two meodels of icrnization density preofiles were considered;
in Case 1 the icnization density profile consisted of three parabolic curves
conrected to approximate an actual daytime ionosphere, and in case two

the icnization lav in a uniform plane layer.

In case one, N(r)= No {Ci; + Cp. v +C. . r?) (2-7)



where i corresponds to a specific range of r measured from the center
of the earth, and the constants Cja1 (=1, 2, 3) are determined by the
bounda ry conditions at the parabola intersecticns. In case two,

N(r) = NO for r; <r < rz and zero for all other values of r. With each

model of the icnosphere, a closed form expression of B, sec x as a

L
function of the relative satellite and cbserver positions, was found and
the "ionospheric point' height was obtained.

The expression for a dipole magnetic field is
B=B (=2) [2cosb6 T+ sin0 8], (2-8)

where r_ is the radius of the earth, and B _ is the magnitude of B at
r = and 8 = "/2 radians.
The unit vector lying alcng the straight line signal path can be

written as n = (r_ —_1"0) ER —‘fol , where ?C and ¥ _are the position
o D ) =

vectors of the observer and satellite respectively.

2.6 Model Computation of B, secX

The weighted mean of B, sec x can be written as

(\
B secx = B . nN(r) sec x {r)dr , (2-9)

(‘Ndr
J

with integration being taken along the first-order ray path, (i.e. the

straight line) from satellite to ocbserver. The factors in the integrand

can be defined as

2 B r’sin o 2 , 20
B.n = °° ﬁf1-3y+3YCOta 1o X b,
¥ L 2r? “r 1‘2’!
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93 and 90 are the colatitudes of the satellite and ckserver recpectively.
When N(r) takes the form of Casel, integration must be carried out
between three sets of limits corrssponding toi = 1, 2, 3 for the constants
C... The result of carrying out the integration in equation {2-8)} with

i
N(r}) defined by czse wne is

2B r°N sira -
o ¢ o

r Iw r
C'l CZ "~ - : 4
i Becta , vy o 2 e T lics |t = o .
= \i:—»—z- + - + C?“:] i el St B '2"\/— \ll/r_]( i=t |1 =2 i=3,
3r 21 : > |
iA ] Ty Ts
this quantity B; sec x iz nowa function of 8_ and 0.
A similar result for N{rj as in case {2} is
)
N1 - Y}rz sina 4 (—zw) cosal
B, secx = B ro3 : ,
° r?(ri1- rz) 7k,

The centered dipole magnretic field was chosen for fwo reasons,

\/- Foa Czi -
{Fqi nor b e (0W1-Ve% o v <o

el

r

(2-11)

(2-12)

it is a gocd representation cf the geomagnetic fieid in the equatorial latitudes,

This magnetic

and it resultzd in a ciosed form expressicn for BL SEC Y -

field mcdel was also used for the chserver at (4C. '7901\4’9 77, 86OW), however
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it was shown by O. K. Garriott and F. deMendcnca that the dipole

magnetic field for an cbserver at mid-latitudes, is within ten per cent

of a spherical harmonic expansion of the geomagnetic field for

(5)

satellite latitudes about six degreez to the North and Scuth of the observer.

Figures 2 and 3 show the variation of B, sec x along the first-order ray

L
path as a function of altitude. All angular coordinates are geographic,
measured from the North pcle.

Figure 3 reflects the symmetrical magnetic field existing about the
magnetic equator and the quasi-transverse propagation region where
BL sec x is mero. In Figure 2 there is evidence of an apprcaching quasi-
transverse propagation condition fcr a satellite to the North of OO, and
also of more variztion in B, sec x versus altitude when the satellite zenith
angle becomes large, so that the lower regions of the icnosphere will
experience greater weighting in equation (2-8), this in effect will lower
the height of the "ionospheric pcint' in this and similar ionospheric regiocns.

The heighkt of the "icnospheric point' was also computed as a function
of satellite colatitude for ockbservers at the cclatitudes eo indicated in
Figures 2 and 3, these results are shown in Figure 4 arnd 5. Figure 5
represents r versus satellite colatitude to the North of 60 only, this is
a result of the magnetic field symmetry existing for this observer. Itis
quite evident from the curve that *he variation of r does depend on
satellite colatitude in this model study and this phenomencn should be
considered as a second-order effect which could be absorbed into a data
reduction program. Figure 4 represents a2 similar situation for the
cbserver in mid-latitudes, the sharper decrease in I occurs to the Nerth

of the observer since the weighting there is greatest in the ''tail'! of the

ionization profile as seen in Figure 2. Similar computations of r for
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Case 2 show a relatively small variation in r, however the decresse
in T with satellite zenith angle does increase when the layers of
ionization are lower in the ionosphere, emphasizing the increased
effect of BL sec X as r decreases. From these results, T can be

assumed to fcllow first-order theory for a night‘ime icnosphere when

the ionization is more confined to a relatively thin layer.
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Chapter III

Data Reduction Methoeds

3.1 Introduction

Simultaneous polarization rotation and dispersive doppler data
were recorded by a station at Huancayo, Peru (12.05 S, 75.35 W) from
six passes of the Transit 4A beacon satellite. Satellite passage

information is listed in Table 2.

3.2 Quasi-Transverse Propagation

A unique propagation conditicn exists for observers located near
the magnetic equator. In this region, mode paths exist for which the
propagation is quasi-transver, for a propagation frequency of 54 Mc/sec.,
i.e. Y ig greater than 88.5 degrees. For a satellite at 1000 kilometers
altitude, this propagation condition exists for about three seconds of the
satellite pass. I can be shcwn that the quasi-iongitudinal regions on
either side of the quasi-transverse region may be connected with a
linear interpclation of the first-order equation. With knowledge of the
quasi-transverse region, Q(ti} and hence u.)(ti) can be measured

unambiguously.

3.3 Application of the Hybrid Doppler-Faraday Equations

The hybrid Doppler-Faraday equations {1-11) and {1-12) provide
a method to determine <I>O and QO when simultaneous pelarizaticon rotation
and dispersive doppler data is available. These equations can alsc be
used to compare the relative accuracy of the first and second order ray
theory. Since QO and & o 2re theoretical constants for each satellite pass,
a plot of either of these quantities and the asscciated second-order
quantity S or ¢0 versus certain values of ti, provides a comparison of

the relative accuracy in the first and second-order thecries.
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TABLE 2
SATELLITE PASSAGE INFORMATION

Date Ti me Direction N

T

(electrons/m?)

1-20-62 12:42:23 to S toN 2.833 x 107
12:35:25

3-7-62 15:24:58.6 to N to S 4.176 x 107
15:31:14.6 o

3-10-62 14:21:58.4tc N to S 3.321 x 107
14:27:52.0 .

3-14-62 13:31:56.4to N toS 3.983 x 107
13:38:50,0

3-18-62 12:43:31.0to N to S 4.354 x 107
12:49:47.0 ,

3-26-62 11:05:23.0to0 N to S 4,137 x 10%7
11:11:41.0
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The quantity Q(ti) is known unambiguously for the observer at
Huancayo, Peru, so as a matter of completeness @O and d)o were chosen
for the comparison.

Each computation of equaticn {1-12) requires a choice of times
to, f1, tz. The time t’o was chosen to be approximately the time of
quasi-transverse propagation and hence the satellite would be nearly
overhead, the times %; and t; were chosen t¢ be nearly symmetrical
about to. If the times t; and t; are chosen as menticned above, then
propagation conditions aleng the two first-order ray paths are likely to
be similar. This similarity in propagation conditicns reduces the
possibility of introducing anv unnecessary weighting in the equations
for ¢>O and d)o, and provides nearly equzl satellite zenith angles for both
times t; and tz.

All terms in equation {(1-12) were obtained experimentslly

except B which was cemputed as a function of £, using a spherical

Li i
harmonic expansion emgploying Jensen and Cain ccefficients for Epoch
1960 for the magnetic field. The "icnosgpheric point' was taken to lie
at an altitude of 400 kilometers, nzarly the altitude of the maximum
ionizaticn density for a daytime ionosphere. The satellite passes listed
in Table 2 provided propagation ccnditions which enhanced the second-
order parameters, such as maximum integrated electron density, and
had alsc clear, continuous signal strength at time ti corresponding to
large satellite zenith angles.

The actual value of <I>0 and d')o used in equations (1-10) and (2-6)

to compute N, for each satellite pass, is an average of the guantities

T

which are computed for a number of times t. on either side of to.
i




- 23 -

Chapter IV
Comparison of First and Second Order Results

4.1 Introduction

The quantities @O and ¢0 were computed of a function of
t; and t; for the satellite passages in Table 2. The times t; and t;
were chosen as described in Section 3.3 For a number of the
satellite passes a variation in the ionospheric point as dictated
by Section 2.5 of this report was included in the computations

for ¢ o

4.2 Discussion of Results

The plots of §I>O and dpo versus satellite colatitude, measured in
degrees on either side of the observer, appear in Figures 6(a)-6(f). Each plot
corresponds to one satellite pass.

The most ncticeable effect of the second-order theory is a
decrease in @O to ¢  which is more pronounced as| t, - ti| increases,
This overall decrease <I>O is evident from equation {2-2) where ¢O
is a fraction of <I>O dependent on the magnitude of the second-order
correction terms. At increasing zenith angles the radio signal passes
through proportionately more icnization at lower heights; this effect
can lower the height of the ionospheric point at large zenith angles.
In computing @O and ¢ o the ionospheric point was assumed to lie at
a constant altitude, so that a decrease in this altitude would remove
some of the remaining slope in the ¢ o curve at the 5, 6, 7, and 8
degree points. In general the ¢o curve is flatter between the 3 to 6
degree points, than the ® o, curve which is a trend toward the
theoretical constancy. Any ¢ o curves which have a negative slope in

the 3 to 6 degree region of the curve c ould be attributed tc an erroneous

——
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choice of the ionospheric point altitude.

The erratic behavior of both curves in the 2 and 3 degree
region is most likely related to the sensitivity of the recorded data and
to reduction errors, and computations in this region of the curve
will' be least reliable.

For a number of satellite passes a decrease in r as dictated
from a model study, Section (2-5), was included in the computation of
d)o for data points at 6, 7, arnd 8 degrees. These values of ¢0 :
represented by the dashed curves. In most cases the dashed curve
further approaches the theoretically constant value, however in
Figure 6c and 6 d the dashed curve only makes the curve of ¢,
erratic. For these passes the r was evidently in error. The remaining
positive slope of the 4)0 curve could be attributed to an actual ionosphere
much different from the model, or an inadequacy of the second-order
theory at large satellite zenith angles. The actual variation in r used
in data reduction will depend to sofne extent on the original value of r,

the satellite ephemeris, and the time of day.
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Chapter V.
Improved Method of Data Reduction

5.1 Introduction

From the results of Chapter IV, the second-order theory
provides a higher degree of consistency in the total polarization
rotation and phase path dispersion data necessary to compute the
total integrated electron content, than that available in first-order
theory for a daytime ioncsphere.

Actual computation of NT using the second order equations
requires knowledge of the second order parameters and icnospheric
point altitude as a function of satellite position. The accuracy of the
results will depend greatly on the variation of r with satellite zenith

angle.

5.2 Variation of r with Satellite Zenith Angle

The value of ¥ for satellite positions corresponding to small
zenith angles can be computed from a local electron density profile.
In general, if the choice of T is too low, the ® _curve will show a
less positive gradient and the ¢0 curve will experience a negative
gradient at relatively small satellite zenith angles. An acceptable
value of r can be chosen without much difficulty for small values of
the angle ¥ so that ¢O is constant.

The actual decrease in T for larger values of x must be
computed for each satellite position as the zenith angle increases.
A first-order computation will give an approximate value for the
variation in r. For the observer on the equator, choose times ti cn

both sides of t such that B_ .
o Li

equal, then equation (1-12) becomes

for both values of ti are numerically
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Kz (Q1 - Q20) - E;w (P20 + P19)
<I>O= {(5-1)

ZBLI

Now compute @O again with a new set of times t; and tg

~.

. such that ' to - ta »"] to - tll, *hen we have

Kz (Qo- Qao) - B {®Pas + 230)
o = 5 (5-2)
C T‘——BL.

If t1 and tz correspond to satellite positions where r has not
changed appreciably frem the small zenith angle value, then an approximate

decrezse in r for time tsz and t¢ car. be computed as follows; equate

equations {5-1) and {5-2) and solve for B With appropriate magnetic

L

field maps T2 and T+ can be found tc first-order, these values of T can

w

now be used in the computatiorn of N This procedure can be repeated

T

for as many data points as is necessary.

5.3 Effect cf Satellite Rotation

Anocther facter which could affect the magnitude of CIDO and
hence 4)0, is satellite rotaticn related to the quantity Q{ti). This effect
is present when the satellite rotation vector has a compcecnent parallel
tc the first-order rav path.

For the Transit 4A satellite the arntenna is mounted transverse
to the magnetic axis, and rotation can take place only about this axis.
If the antenna is truly orthogonal to the axis and the field, then an
cbserver will see the sense of rotation reverse through the transverse
point. Since the Faraday rotation is continucus in direction, the effect

weculd be to produce an apparent disconrtinuity in the electron content at
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' the equator.

For analyses as above which bracket the equator symmetrically,
the rotation difference, 219~ 2, , is essentially unaffected.

When the initial polarization is not orthogonal to the axis the
discontinuity will generally appear away from the equator and a net
effect in Q3 0- Q20 may be expected, which will lead to non-constant
values of b, Over the field of view.

The satellite rotation was internally damped, and was designed
not to exceed about 0.001 rotations/second. This might conceivably
lead to errors of the order of one percent for daylight Faraday
records, and could be rather more serious at night when the ionospheric

Faraday rotation is much smaller.
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Chapter VI
Summary and Conclusions

It has been shown by the analysis of doppler dispersion
and Faraday rotation data taken simultaneously from an equatorial
station, that the use of second-order equations for the reduction of
these data to electron content results in a greatly improved
consistency.

Two additional considerations have been examined. In the
first a model study has been made of the variation of the mean
ionospheric height which is appropriate in the Faraday effect equations,
as a function of satellite position. This effect, which takes into
account the changed weighting given to different height ranges as the
zenith angle of the source is varied, has been shown to further
improve the self consistency of the analyses. As a corollary to this
effect, it is evident that variation in the height of the ionospheric
layers with geographic position should be included where feasible in

second order analyses, especially for those made at low latitudes.
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